Introduction. We identified risk factors for trachelectomy after supracervical hysterectomy (SCH) due to persistence of symptoms. Material and methods. A retrospective case-control study in a university-affiliated hospital. Seventeen women who underwent a trachelectomy following SCH for nonmalignant indications between June 2002 and October 2014 were compared with 68 randomly selected women (controls) who underwent a SCH within the same time period. Demographics and clinical characteristics were compared between the study and control groups. Univariate analysis identified potential risk factors for trachelectomy following SCH. Univariate logistic regression models predicted which patients would have a trachelectomy following SCH. Results. The occurrence of trachelectomy following SCH during the study period was 0.9% (17/1892). The study group was younger than the control group (mean age 38 AE 6 years vs. 44 AE 5 years; p < 0.001). Patients who had a history of endometriosis [odds ratio (OR) 6.23, 95% CI 1.11-40.5, p = 0.038] had increased risk for trachelectomy. Pathology diagnosed endometriosis only among women in the study group. Preoperative diagnosis of abnormal uterine bleeding (OR 0.22, 95% CI 0.06-0.075, p = 0.016), anemia (OR 0.12, 95% CI 0.01-0.53; p = 0.003), and fibroid uterus (OR 0.24, 95% CI 0.07-0.82, p = 0.024) reduced the risk for future trachelectomy. Conclusion. Young age and endometriosis are significant risk factors for trachelectomy following SCH.
Introduction
Advancements in minimally invasive surgery in the 1990s led to a renewed interest in supracervical hysterectomy (SCH). Advocates of this procedure hypothesized that removing the entire cervix may diminish sexual response, urinary function and pelvic support, while increasing operative time and complications (1) (2) (3) (4) (5) . Subsequent studies failed to find benefit from retention of the cervix at hysterectomy (6) (7) (8) (9) . Moreover, persistent symptoms in some women, mainly pelvic pain and vaginal bleeding, force removal of the cervical stump (6, 10, 11) . The reported incidence of trachelectomy following SCH for
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An age of under 40 years and endometriosis are significant risk factors for trachelectomy following supracervical hysterectomy. benign gynecologic disease ranges between 2% and almost 23% (11) (12) (13) .
Although some experts opine that SCH may not be the treatment of choice in women with preexisting pelvic pain or endometriosis, there are few data regarding risk factors for trachelectomy following SCH (10, 11, 14) . The objective of our study was to identify the incidence of and risk factors for trachelectomy following SCH for benign gynecologic disease, and thereby predict which patients have the greatest risk for re-operation.
Material and methods
This retrospective case-control study was conducted at Henry Ford Hospitals, university-affiliated tertiary medical centers in southeastern Michigan. The study group consisted of all women who underwent a trachelectomy for nonmalignant etiologies following a SCH between June 2002 and October 2014. The control group was comprised of randomly selected women who underwent a SCH within the same time period. For each study case there were four randomly selected controls.
The electronic patient medical record identified demographics and past medical, obstetric, gynecologic and surgical history, including patient's chief complaints and indications for SCH, intraoperative findings, and pathology results. In women who subsequently had a trachelectomy, the time interval from SCH to the recurrence of symptoms, description of symptoms, indication for trachelectomy, surgical approach, and pathology diagnosis were retrieved. The study was approved by the Henry Ford Health System Institutional Review Board on 22 April 2014; reference number 8904.
Welch's t-test, chosen for reliability to compare groups of unequal sizes, was applied for continuous variables, and either chi-squared test or Fisher's exact test was used for categorical variables, as appropriate. A two-sided probability value of p < 0.05 was considered to be significant. Univariate logistic regression models were used to identify which clinical variables were significant predictors for trachelectomy following SCH. 
Results
During the study period, 1892 SCH procedures were performed at our medical center. Our analysis included a total of 85 women: 17 who underwent a trachelectomy following SCH, and the control group of 68 women who only had a SCH. The occurrence of trachelectomy following SCH was 0.9%. Demographics and clinical characteristics are presented in Table 1 . Women who had a subsequent trachelectomy were younger at the time of SCH compared with women who did not need a trachelectomy (38 AE 6 years vs. 44 AE 5 years, respectively; p = 0.001). Past medical history of endometriosis was significantly more common among women who had a trachelectomy (3/17 (17.7%) vs. 2/68 (3%), p = 0.05). Finally, the percentage of women who had a history of at least one cesarean section was lower in the study group compared with the control group (17.7% vs. 62.9%, p = 0.003).
Symptoms, signs and surgical findings at the time of SCH are depicted in Table 2 . Abnormal uterine bleeding and anemia were less common in the study group, compared with the controls (65% vs. 90%, p = 0.029, and 6% vs. 43%, p = 0.004, respectively). The duration of symptoms before surgery was shorter in the study group compared with the control group (17 AE 13 months vs. 30 AE 36 months, p = 0.04). Pathology diagnosed endometriosis only in the study group (17.7% vs. 0%, p = 0.005), whereas uterine fibroids were more evident in the control group (85% vs. 57%, p = 0.04).
A univariate logistic regression analysis of risk factors for trachelectomy following SCH is shown in Table 3 . A history of endometriosis predicted an increased risk for trachelectomy [odds ratio (OR) 6.23, 95% CI 1.11-40.5, p = 0.038]. Older age at the time of the SCH and presenting symptoms of abnormal uterine bleeding and anemia were associated with a lower risk for trachelectomy. A pathology finding of fibroid uterus also correlated with a reduced risk for future trachelectomy (OR 0.24, 95% CI 0.07-0.82, p = 0.024).
Clinical and surgical characteristics of women who had a trachelectomy are detailed in Table 4 . Seventy percent of women had more than a single complaint: the leading indications for surgery were pain (70%) and bleeding (59%). The median time interval from SCH to trachelectomy was 28 months, and a minimally invasive approach was implemented in 94% of the cases. Endometriosis (29%) was the most common pathologic diagnosis.
Postoperative complications occurred in three women: a vesico-vaginal fistula, which was repaired with a robotassisted laparoscopic approach; a case of small bowel obstruction; and a vaginal-cuff hematoma. The latter two cases resolved with conservative management.
Ninety-four percent of women reported complete resolution or improvement of symptoms after a median follow up of 44 months. One woman had multiple small bowel surgeries following trachelectomy due to recurrent obstruction.
Discussion
In our review of the literature we found no controlled studies on risk factors for trachelectomy after SCH for benign disease. Previous reports described the clinical characteristics of women who required trachelectomy following SCH (11, (15) (16) (17) . However, none of these studies matched patients to a cohort of women who had SCH only.
Our data demonstrate that patients with a history of endometriosis and those who had SCH at an age < 40 years were at an increased risk for trachelectomy.
In spite of clinical trends, such as the debate over morcellation (18, 19) , that may decrease the utilization of SCH, this approach to hysterectomy still has its proponents and remains an attractive option in many patients. Therefore, the establishment of a risk stratification model that identifies the probability of recurrent symptoms post-SCH is essential to both patients and surgeons in making informed decisions about the optimal surgical approach (10) (11) (12) .
The overall occurrence of trachelectomy varies in the literature. While Okaro et al. reported a 23% incidence (11) , other series presented a lower incidence of 2-3% (12,13), which is in keeping with our 0.9% during a study period of 12 years.
In their retrospective observation of the long-term outcomes following laparoscopic SCH, Lieng and colleagues acknowledged that women who underwent SCH for pelvic pain or endometriosis were at an increased risk for persistent pain. Moreover, in almost half of their cases where trachelectomy was performed following SCH, the indication for removal of the cervix was endometriosis (20) . Okaro and colleagues reported that 82% of the patients who suffered from cervical stump symptoms post-SCH had been treated for endometriosis before the hysterectomy procedure (11) . Other authors have also advised against SCH in the presence of endometriosis (6, 10) . Our data, which show that endometriosis was a pathology diagnosis only in the specimens of patients who had trachelectomy, crystallizes this literature and gives strong evidence that endometriosis predicts a second surgery.
We observed that women who presented with abnormal uterine bleeding, anemia, and finding of a fibroid uterus were correlated with a reduced risk for subsequent removal of the cervix. Older patients were also less likely to require a trachelectomy, consistent with Lieng and associates observation that persistent bleeding following SCH was less common among older women (20) . SCH may be most appropriate for this distinct group of patients.
Our data demonstrate that 94% of women who underwent trachelectomy reported either resolution or substantial improvement of their symptoms during follow up of 3.5 years. Nezhat et al. shared similar results in their laparoscopic trachelectomy series (10) .
A major strength of our study is that it used a single medical system with electronic medical records that permitted complete data extraction from 1892 records over the study period. Patients were followed for a median of A limitation of this retrospective study may be the relatively low incidence for trachelectomy. The overall low incidence of post-SCH trachelectomy makes statistical analysis of risk factors challenging. Additionally, cases of post-hysterectomy trachelectomy that were performed in outside institutions could not be accounted for in our data. This study is from a single academic institution, which may not be representative of the surgical and clinical practices in other institutions.
We conclude that young age (< 40 years) and endometriosis are significant risk factors for trachelectomy following SCH. It is our obligation, as physicians, to address patients' symptoms and tailor the appropriate treatment. Given the importance of this clinical challenge, a prospective multicenter study will best confirm the ability to predict the women who most benefit from SCH.
